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THE INFLUENCE OF DIFFERENT ACTIVITIES ON THE 
APPARENT LENGTH OF TIME' 


JOHN C. LOEHLIN? 


University of California 


T IS A COMMONPLACE of daily experience 
l that time seems to pass more rapidly 
under some conditions than it does under 
others. And yet such familiar phenomena 
as the slow passage of time in boredom, 
depression, or suspense, or its rapid flow 
when the attention is pleasantly absorbed, 
have not been greatly clarified at the hands 
ot psychologists. 

One reason for this may well be that the 
experimental manipulation of variables of 
attention and attitude is uncertain at best. 
This situation is aggravated by the fact 
that many investigators of temporal per- 
ception have preferred to work with inter- 
vals only a few seconds in length, which 
otter many advantages in terms of psycho- 
physical elegance but little scope for the 
manipulation of mood. 

Qn the other hand, the investigators who 
have worked with longer intervals, although 
they have amply confirmed that time will 


‘This paper is a portion of a dissertation sub- 
mitted to the Department of Psychology of the 
University of California in partial fulfillment of 
requirements for the degree of Doctor of Phi- 
losophy 
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appear to differ in its rate of passage under 
different conditions, have varied so widely 
in the conditions they have chosen that it is 
by no means certain whether the concepts 
invoked by one are applicable to the results 
of another. A few examples may serve to 
make this clear. 

Harton (1938) found that subjects 
making difficult weight discriminations esti- 
mated the time to be shorter than during 
an equal period spent making easy discrim- 
inations. Axel (1924) found that subjects 
estimated a period spent solving analogies 
as shorter than an equal period spent can- 
celing 5’s. Rosenzweig and Koht (1933) 
found that subjects estimated a “test” pe- 
riod with an insoluble puzzle as shorter 
than an equal “practice” period. On the 
face of it, one might suspect that these three 
results had a considerable amount in com- 
mon, but the three authors offer quite dif- 
ferent concepts to interpret them. Axel 
speaks of higher and lower levels of be- 
havior, Hartor. of unity of organization, 
and Rosenzweig and Koht of need-tension. 

Other experimenters have had their sub- 
jects estimate the time spent taking dicta- 
tion, listening to a person read, listening to 
music and metronomes, canceling letters, 
stringing beads, submitting to pain, noise, 
and electric shock, solving puzzles and 
mazes, making public speeches, reading 
aloud, filling out questionnaires, and just 
resting. And in addition to the concepts 
mentioned above, they have, in interpreting 
their results, used such terms as filled and 
unfilled time, concentration, level of atten- 
tion, kinesthetic strain, satiation, stress, 
self-organization, attractiveness of or dis- 
tance to a goal, and so forth. 

It seems unlikely that all these concepts 
are necessary to interpret the experimental 
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findings. And yet it seems doubtful that 
any one of them is sufficient. The first task 
of the present investigation was, therefore, 
to determine how many and what kinds of 
variables are necessary in order to account 
for variations in the apparent length of 
time, in situations of the kind which exper- 
imenters in this area have traditionally 
been concerned with. 

(siven such variables, further questions 
arise concerning their generality. Are they 
equally important for various lengths of 
interval? It seems likely that some influ- 
ences on time perception in longer periods 
are equally effective during short intervals, 
and that others are not. Different methods 
have been used in experiments in time per- 
ception: To what extent are the same vari- 
ables involved regardless of the method of 
measurement? And finally the question 
always arises: How important are such ex- 
perimentally derived variables in dealing 
with time perception outside the laboratory ? 
The present investigation did not attempt 
to deal comprehensively with all these ques- 
tions, but it did endeavor to gain at least 
preliminary information along each of these 
lines. 


DESIGN OF THE EXPERIMENT 


The first goal of the present research was 
to determine what different kinds of influ- 
ence the contents of time intervals have on 
the apparent duration of the intervals. One 
sort of evidence for believing that different 
situations are similar or different in their 
etfect on time estimation is the degree of 
correlation between persons’ time estimates 
in the situations. If individuals are simi- 
larly ordered in Situations A and B in terms 
of the length of their time estimates, but 
differently ordered in Situation C, one has 
some grounds for supposing that A and B 
are affecting the estimates in the same way, 
and that C is having a different influence. 
Given a number of such situations, and the 
corresponding correlations, it should be pos- 
sible to gain some notion as to how many 
different influences are operating, and what 
kinds. In the present investigation, the 
technique of factor analysis seemed the 
obvious method to use for this purpose. 


Since, in such an analysis, the factors 
obtained are ultimately derived from the 
way situations affect persons, they may re- 
Hect both characteristics of the situations 
and characteristics of the persons. In some 
uses of the factor analytic technique, inter- 
est is focused primarily on one or the other 
of these. The literature of time perception 
suggests, however, that in this area we may 
be dealing quite directly with differences 
in the way situations affect persons. There- 
fore, in the present design, provision is 
made for varying the situations in which 
time is judged, for evaluating some charac- 
teristics of the persons doing the judging, 
and for determining several aspects of the 
persons’ perceptions of the situations. 

It should be noted that an approach of 
this kind depends on individual differences. 
A variable that affected all persons in ex- 
actly the same way would not influence the 
correlations between situations, and hence 
could not emerge as a factor in the anal- 
ysis. While a complete absence of individ- 
ual differences is hardly to be expected, 
tendencies toward greater or less uniformity 
presumably exist, and could well affect the 
weight certain variables have in a factor 
a possibility to be kept in mind 
in interpreting the results. 


analysis 


The 2-Minute Tasks 


The basic part of the experiment was the 
obtaining of estimates of the duration of 
a 2-minute time interval occupied in a 
variety of ways. The conditions were se- 
lected with several criteria in mind, includ- 
ing the following: (a) they should provide 
a good sampling of the kinds of conditions 
known from earlier research to affect time 
estimates; (>) they should afford a mini- 
mum of irrelevant cues to length—the Ss 
should be given as few grounds as possible 
for comparing different tasks on such bases 
as the proportion of the task accomplished, 
number of items done, etc.; (c) some pe- 
should be included which the Ss 
would not expect to estimate; (d) some of 
the tasks should provide scores on other 
dimensions which might be relevant to time 
estimation; and (e¢) the tasks should be 
suitable for group administration. 


riods 


The following conditions were selected. 
They are listed in the order in which they 
were administered.* 


1. Introduction. A 2-minute period occupied by 
F’s introduction of the experiment, the distribution 
of test booklets, filling in of face-sheet data, etc 
2. Writing I’s. The S wrote the figure “1” 
repeatedly on a blank sheet of paper 

3. Easy anagram 
letters from 
TATION) 

4. Difficult comparisons. The S made psycho- 
physical judgments—comparisons of pairs of short 
time intervals. 

5. Gottschaldt practice. The S solved hidden- 
figure puzzles “for practice.” 

6. Gottschaldt test. 
zles, as a “test.” 


The S made words out of 
a given long word (TRANSPOR- 


The S solved similar puz- 


7. Slow calculation. Cumulative mental addi- 
tion and subtraction of numbers from 1 to 5, 
called out at a slow rate by E. 

8. Listening to reading. The S listened while 
E read aloud a passage of humorous prose. 

9. Pleasant thoughts. The S was instructed to 
close his eyes, relax, and think about any pleasant 
topic. 

10. Interruption 
down, which 
“repair.” 


Writing 


An apparent apparatus break- 
required two minutes for E to 


Repetition of No. 2 above. 
12. Easy comparisons. Repetition of No. 4, but 


quite easy comparisons. 

13. Difficult anagram. Repetition of No. 3, but 
a more difficult word (MISSISSIPPI). 
“the’s.’” The S counted occur- 
rences of the word “the” in another prose passage 
read aloud by £. 


14. Counting 


15. Concentration on time. The S was 
structed to close his eves and concentrate on the 
experience of the passage of time. 

16. Questionnaire. The S was occupied in 
responding to the items of a questionnaire con- 
cerning his everyday time perception. 


The activities were all of the same length 

-two minutes—-to permit direct compari- 
sons among them. In preliminary tests it 
appeared that the variation of the apparent 
length of the intervals was sufficiently great 
that almost none of the Ss had any sus- 
picion of their objective equality. 


* A detailed description of the experimental 


procedures, including instructions to Ss, may be 
found in Loehlin (1957, pp. 45-58) 
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The activities were administered in the 
same order to all Ss: first, for considera- 
tions of experimental convenience, and sec- 
ond, because it was undesirable to change 
the positions of some of the items—+e.g., 
Concentration on time had to be given to- 
ward the end to avoid possible contaminat- 
ing effects on the other estimates, and 
Introduction was of necessity given at the 
start. intro- 
duce certain complications (see the inter- 
pretation of Factors I and ITI below). 


The fixed order did, however, 


The Nature of the Estimates 


In previous studies of intervals of moder- 
ate length, a direct estimate in conventional 
time units has usually been used. As con- 
trasted with comparison or reproduction 
methods, this method has the advantage 
that the estimates are both more readily 
made and more simply interpreted. With 
techniques in which two intervals are com- 
pared it is always a problem to determine 
which of the intervals is being affected in 
a particular the second is 
judged the longer of the two, is it because 


instance—1f 


it is being overestimated, or because the 
first is being underestimated, or because 
both things are happening, or because both 
intervals are being over- or underestimated 
to different degrees? Decision among these 
alternatives often presents thorny problems.. 
The main disadvantages of the direct esti- 
mate method, on the other hand, are (a) 
the fact that the distribution of estimates 
tends to be skewed by the proximity of the 
zero point, particularly if the intervals are 
short, and (b) the tendency of many sub- 
Jects to give “round number” estimates— 
to favor estimates of whole minutes and 
simple fractions of a minute, 


Since neither of these tendencies, in a 


moderate degree at least, would be too 
serious in the present investigation, the 


method of estimation in conventional time 
units was adopted. The Ss were asked to 
make their estimates to the nearest ten sec- 
onds. With the expected range of judg- 
ments, this would provide satisfactory dis- 
crimination, and it was hoped that this unit 
would be large enough for Ss to actually 
use, whereas asking for an estimate to the 


fi 


nearest second, as is usually done, almost 
inevitably drives S to a higher-order unit 
such as the quarter- or half-minute.* 

In previous investigations using the meth- 
od of direct estimation, Ss have usually 
simply been asked to estimate how long a 
given interval was. But this presents prob- 
lems. There are a variety of possible de- 
terminants of the estimate S makes of a 
time interval, and how long the interval 
seems to S is only one. Assuming that the 
experimental arrangement is successful in 
avoiding gross give-away cues, the most 
important additional variable will probably 
be S's belief as to whether, under the given 
conditions, time is likely to seem longer or 
shorter to him than it really is. During 
preliminary experiments in the present in- 
vestigation, it became clearly apparent that 
many Ss will, in fact, make allowances of 
this kind when asked to estimate the length 
of intervals of time. If the interest of the 
experimenter is simply in how well S can 
estimate time under various conditions, this 
presents no problem. But if his concern is 
with how the conditions affect S’s percep- 
tion of the time, the matter must be dealt 
with. 

The solution adopted was to have S 
make fwo estimates the 
time and how long he 
thought it actually was. The procedure is 
somewhat the “perceptual” 
and “critical” attitudes used by Brunswik 
(1949) and others in the study of con 


one of how long 
seemed, one of 


analogous to 


stancies and other perceptual phenomena. 
It was hoped that S’s judgment of how long 
the time would follow fairly di 
rectly from his perception of it, while any 
deliberate his knowl 
situation would be confined to 
his estimate of how long the time actually 
was. The estimate of how long the time 
seemed was always made first and put in a 
The 
long the time actually was 
made afterwards and written outside the 
box to emphasize its derived character. The 
Ss were not forced to make a distinction: 


seemed 


inferences based on 
edge of the 


‘box” on the response sheet. estimate 


of how was 


‘This hope was only partially realized 
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Vs used higher-order units anyway 
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the instructions permitted both estimates 
to be the same. For a few Ss the distinc- 
tion did seem to be a meaningless one.* 

After making the two estimates, Ss rated 
each task on five 5-point scales. They indi- 
cated whether the activity seemed interest- 
ing or boring, difficult or easy, satisfying or 
frustrating; whether the time seemed to 
pass slowly or rapidly; and whether they 
wished the period had been shorter or 
longer. 


Other Time Judgments 


Along with the judgment of 2-minute 
intervals, some estimates of shorter and 
longer intervals of time were included, and 
some comparisons of short time intervals. 
lhe main purpose of these additional meas 
ures Was to gain generality—to determine 
whether the ways in which content influ- 
enced the estimation of the 2-minute inter- 
vals would affect a wider range of times, 
and whether these influences might also 
contribute to certain other phenomena in the 
irea of time perception, namely, time errors 
and other illusions occurring in the com- 
parison of short time intervals. 

[wo short periods of time were included : 
one and four Four esti- 
made of these two 
intervals, the estimates being spaced among 


sect nd seconds. 


mates were each of 


the other procedures. The Ss were in- 
structed to make their estimates to the 
nearest tenth of a second. No distinction 


was made between how long time seemed 
and how long it was on the assumption that 
this distinction would not be very meaning- 
ful for such short periods, particularly the 
l-second interval 

lo provide an estimate of a longer inter- 
val, a 20-minute period was used (the first 
20 minutes of the experimental session). 
interval was selected as one 
enough to be clearly of a 
different order from the 2-minute period, 
without being so long as to approach the 
larger known interval in which it was em 


bedded, the The Ss 


his particular 


that was long 


50-minute class hour. 


For some evidence suggesting that the proce- 
had the effect desired, see Loehlin (1957, 
pp. 72-78) 


dure 
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made estimates both of how long the in- 
terval seemed, and how long they thought it 
actually was. 

Two procedures in which short intervals 
were compared were also chosen for inclu- 
sion. In one of these, pairs of empty inter- 
vals were compared in order to measure 
the time error. 
in each a 


Eighteen trials were used; 
standard 4-second interval was 
presented first, followed by a comparison 
interval which varied from 2} seconds to 
44 seconds, with the largest number of trials 
in the neighborhood of 34 seconds. ( A nega- 
tive time error was anticipated. ) 

lor the other comparison procedure, one 
was chosen in which the two compared 
intervals actually differed in their content. 
The technique used by the writer in an 
earlier, unpublished investigation was em- 
ployed. An accelerating pattern of four 
sounds was compared with a decelerating 
pattern (a comparison of the form . as 
.. . .). Each pattern was of the same 
total length—again four seconds — and 
twelve comparisons were made, half in each 
order. 


Time Questionnaire 


To provide the possibility of generaliza 
tion of a different kind, Ss were asked at 
the end of the experiment to fill out a 
questionnaire consisting of 85 true—false, 
self-descriptive items concerning their per- 
ception of and attitudes toward time in 
everyday life situations. ( The questionnaire 
is reproduced in Loehlin [1957] as Ap 
pendix F.) The items for this question- 
naire were mostly newly written, although 


a few were adapted from other sources, 
such as a questionnaire used by Adler 
(1954). An effort was made to include a 


variety of items from everyday experience, 
as well as items derived from aberrations 
of behavior and perception concerning time 
as reported in the clinical literature (e.g., 
Bonaparte, 1940; Dooley, 1941; DuBois, 
1954; Schilder, 1936). 


Other Measures 


Several of the experimental procedures 
permitted the derivation of additional 
It seemed desirable to represent at 


scores 
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least two general areas of personal func- 
tion. One was the individual’s character- 
flow of activity, as represented by 
variables such as fluency, personal tempo, 
and the like. The other was his ability to 
perceive accurately in spite of distraction: 
to analyze out aspects of a complex percep- 
tual situation 


istic 


For the area of fluency, scores were ob- 
tained for l’s written 
in two 2-minute periods (under instructions 
to write at a natural rate); (b) the num- 


ber of solutions to the easy anagram; and 


(a) the number of 


(¢) the number of questionnaire items com- 
pleted in a 2-minute interval. 

For measurements of the ability to per- 
ceive analytically, scores were obtained for 
(a) the Gottschaldt figures and (6) the 


“counting the’s” procedure. In both these 


tasks, S must be able to isolate highly 
embedded features of the situation and to 
resist the distraction of irrelevant aspects. 


The MMPI 


Finally, as an instrument to evaluate 
emotional and motiva- 
tional nature between individuals, the Min- 
nesota Multiphasic Personality Inventory 
(MMPI) The were 
completed on a voluntary basis at a date 
several months after 
and 


subjects. 


lifferences of an 


was chosen. 


‘he main experiment, 
were available for about 70° of the 


wnmary 


To summariz 
experiment 


briefly, the design of the 
was as (a) Obtain 
from a group of Ss their estimates of how 
long time seems in a varicty of situations, 
as well as estimates of different lengths of 
interval, measures of other time perception 
phenomena, and 
variables. (b) Intercorrelate 
ures and factor-analyze. 


follows: 


scores on other related 
these meas- 
(c) Interpret the 
factors thus obtained using knowledge of 
the situations, knowledge of the Ss’ ratings 
of the situations along various dimensions, 
ind knowledge of the personality organiza- 
tion of the subjects. And finally, (d) con- 
sider the relationship of these factors to 
the findings of previous investigators in 
thi and to the Ss’ reports of their 


S area, 


TABLE 1 


NuMBERS OF Ss, BY AGE, SEX, AND 
PsyCHOLOGY COURSE 


| Age All 
Course - —j| Ages 
17 18 19 20 21 22 
Introductory 
Men ; - 10 
Women | - 71 4 1 25 
Personality 
Women 1 1 46 
Industrial 
Men 1 8 1 10 
Women 3 3 
Totals 1 #17 45 21 18 3 105 


behavior, perception, and attitudes with 
respect to time. 


CoLLECTION AND ANALYSIS OF THE Data ® 


Subjects 


The Ss were 105 members of undergraduate 
psychology courses at the University of Califor- 
nia at Berkeley, who participated in the experi- 
ment as part of a course requirement. They were 
obtained from the introductory psychology course, 
from lower-division course in personal and 
social adjustment designed for nor-majors in psy- 
chology, and from an upper-division course in 
industrial psychology. Psychology majors in the 
lest-named class were excluded from the sample 

In view of the possibility that large variations 
in age may affect time estimation (Adler, 1954), 
Ss falling outside the range of 17-22 years were 
eliminated from the sample. (Swift and McGeoch 
[1925] found no relationship of age to time esti- 
mation in their experiment, with an age range 
approximately the same as that used in the present 
study.) The distribution of the subjects according 
to age, sex, and psychology course is shown in 
Table 1 

The Ss were tested in small groups, in a two- 
hour experimental session. The size of the groups 
varied from one to nine persons, depending on 
the vagaries of sign-ups, with about 80% of the 
total sample being tested in groups of four to 


eight ™ 


\ more complete description of the treatment 
of the data may be found in Loehlin (1957, pp. 59 
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Scoring 


for 


selected 
intercorrelated and 


The following 28 
inclusion in a 
factor-analyzed : 


1-16. Estimates of the sixteen 2-minute tasks. 
(“How long time seemed.” ) 


measures 
matrix to be 


were 


17. Estimate of 1 second—mean of Trials 2-4. 


(ru 
18. Estimate of 4 seconds—mean of Trials 2-4. 
( ru 4) 


19. Estimate of 20 minutes. 


20. Negative time error, comparison of 4-second 
intervals—number of trials on which the second 
interval was judged longer, in Difficult compari- 
sons. (ru 50) 

21. Amount of illusion, accelerating and decel- 
erating patterns—number of trials on which the 
decelerating pattern was judged longer. (ru = .44) 

22. Number of I's 
bined. (ru = .82) 

23. Number of 
in two minutes 


written—two trials com- 


questionnaire items completed 


24. Number of Easy anagram solutions in two 
minutes 


25. Number « 


f Gottschaldt figures solutions in 


four minutes— practice and test periods combined. 
(ru 83) 

26. Error, Counting “the’s’—discrepancy _ be- 
tween S’s answer and the correct score. 


27. Number of persons in S’s test group 


28. S's age in vears 


Factor Analysis 


The scores were punched on IBM cards, 
and with the program of Beckman and 
Quarles (1956) means and standard devia- 
tions for all the variables (Appendix A), 
the matrix of Pearsonian r’s of each vari- 
able with each other (Appendix B), and 
the inverse of that matrix, were computed 
by the IBM 701 electronic computer. 

I'rom the inverse matrix, the square of 
the multiple correlation of each variable 
with all the remaining variables was calcu- 
lated, providing an estimate of the com- 
munality. Guttman (1954b) has shown 
that the exact communality will never be 
lower than this value, and Wrigley (1956) 
has found the squared multiple correlation 


to be a good initial estimate of the com- 


\ll reliabilities given are split-half, corrected 
by the Spearman-Brown formula 


Te. 


munality, in an empirical comparison with 
a number of other methods of estimation. 

The correlations and estimated commu- 
nalities (to three decimal places) were 
then repunched on IBM cards and a prin- 
cipal axes factor analysis was computed by 
the IBM 701, using a program written by 
J. ©. Neuhaus. The loadings for the 
twelve factors of greatest variance are 
given as Appendix C. 

In choosing the number of factors to 
rotate, indications from several of the em- 
pirical and theoretical criteria cited in the 
literature were considered (see, e.g., Cattell, 
1952, p. 298 ff). Most of these criteria 
were originally developed for the purpose 
of determining when to stop extracting fac- 
tors when using the centroid methods, but 
similar considerations apply in the present 
situation. As is typical, the different cri- 
teria gave somewhat different indications. 
McNemar’s criterion, which “tends in gen 
eral experience to stop factorization too 
early” (Cattell, 1952, p. 300), dropped be 
low its critical value after five factors. The 
Guilford-Lacey rule (Thomson, 1951, p. 
122) gave its first value below the critical 
one for the fifth factor, but the sixth and 
ninth factors again exceeded the criterion. 
Mosier’s requirement (Cattell, 1952, p. 299) 
of a leveling off of the standard deviations 
of successive sets of residuals might be 
taken to indicate the insignificance of all 
factors after the first, the third, the eighth, 
or some subsequent factor, depending on 
how narrowly it is applied. Saunders’ cri- 
terion, which Cattell describes as probably 
the “theoretically and practically most effec 
tive” of the eleven he lists (Cattell, 1952, 
p. 301), did not pass its critical value until 
after nine factors. 

After some exploratory rotations with a 
few factors, the first eight factors were 
selected for rotation. A graphical technique 
was used until the final position of the axes 
was approached, when a rotating matrix 
was computed and accurate loadings ob- 
tained algebraically. Then final graphical 
adjustments were made, the final rotating 
matrix derived, and the final matrix of fac 
tor loadings computed. 
for the 


(See Appendices 
factor 


original matrix, the 
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rotating matrix, and the final factor ma- 


and tenth factors were 
Factors I-VIII following 
rotation, to see if their inclusion in further 
rotation were merited. Factor IX failed to 
suggest any additional rotations; Factor X 
suggested only one (with Factor IV), and 
the indications for that one were somewhat 
doubtful. The addition of two dimensions 
of questionable significance in order to 
secure a possible improvement in the posi- 
tion of one axis did not seem justified. 


The ninth 
plotted against 


trix.) 


The axes were kept orthogonal during 
rotation, not so much on the basis of theo- 
retical preconceptions, as in the absence of 
any very indications for the aban- 
donment of orthogonality. The first factor 
could reasonably be placed oblique to some 
of the rest; on the other hand, its retention 
in its present form, as a factor general to 
the 2-minute estimates, seems psychologi- 
cally meaningful 
show no 


strong 


The remaining factors 
indications of more than very 
sight obliquity among themselves. 

Che structure resulting from the present 
rotation meets all but one of Thurstone’s 
(1935) original criteria of simple structure 
(considering a loading of less than .10 to 
be negligible | Thurstone, 1935, p. 156]). 
Phe deficiency is in an insufficient number 
of zero-order loadings on the first factor. 
lhe small number of variables in the hyper- 
plane of this factor is attributable to the 
large number of 2-minute estimates in the 
matrix, since Factor I is general to these. 
The present structure is also satisfactory, 
again excepting Factor I, by Cattell’s eri 
terion of hyperplane area (1/3 to 1/2 the 
variables on each factor in the plus-or- 
minus | Cattell, 1952, p. 
238] ) 


10) hyperplane 


Factor Scores 


\ tentative interpretation of the rotated 
factors suggested that four (Factors I, IT, 
IV, and V) would be of principal interest 
from the standpoint of time perception. 
\pproximate factor scores were derived for 
these as follows: 

Factor I 
fartsons 


thoughts 


Two-minute 
Gottschaldt 
Oue stir 


estimates 
practice 


Difficult com- 
Pleasant 
nnaire 
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Factor ll, 4 X estimate of 1 second + estimate 
of 4 seconds. 

Factor IV. Two-minute estimates: (Writing I’s 
(2nd) + Hard anagram) — (Writing I’s (1st) + 
anagram) + 50. 


Factor V. (Negative time error, Difficult com- 
parisons Amount of illusion, Accel.-decel. pat- 
terns) reflected. 


Intercorrelations of the four factor scores 
were computed, and the scores proved to be 
fairly independent, as desired. The only 
r’s greater than + .05 were ry = .14 and 
rivy = —.16. 

Persons scoring in the highest and lowest 
27° on each of these factors were selected 
for comparison of their ratings of the vari- 
activities and their MMPI scores. 
Keach of these high- and low-scoring groups 
contained 28 persons. 


ous 


VAIPI 


the standard MMPI clinical 
scales, ]), Hy, Pd, Pt, and Ma, were se- 
lected as being the most likely to be related 
to differences in time perception, and to 
these was added the Ego Strength scale 
developed by Barron (1953 ). The MMPI’s 
of the 74 Ss who took the test were scored 
on these scales in the standard manner 
(Hathaway & McKinley, 1946), including 
the A-correction. The validation scores 
were examined, and one S who obtained 
an / score of 17 was dropped from the 
sample, leaving 73 subjects. 

l‘or the groups of 28 high and low Ss 
on each of the factors, MMPI’s were avail- 
able as indicated ir. Table 2. These differ- 


live of 


ences are of an order attributable to chance. 


MMPI's 


Thus while those Ss for whom 


TABLE 2 


NUMBER OF MMPI's AvalILaBLe, For Ss 
Wrrn Hica anp Low Factor Scores 


(28 Ss Per Group) 


Factor 


Group 


High scorers 
Low scorers 19 16 21 21 
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were not obtained may have differed in 
some ways from those who took the test, 
it does not appear that these differences 
are significantly related to their time per- 
ception scores 


RESULTs 
Interpretation of the Factors 
Factors I and III. (See Tables 3 and 4.) 


Factors I and ITT have most of their load- 


TABLE 3 


VARIABLES LOADED ON Factor I 


No. Variable Loading 
9 | 2-min. est., Pleasant thoughts .70 
13 2-min. est., Hard anagram .67 
14 | 2-min. est., Counting ‘‘the’s”’ .64 
12 | 2-min. est., Easy comparisons .59 
15 2-min. est., Concentration on time .58 
7 | 2-min. est., Slow calculation .56 
10  2-min. est., Interruption «30 
16 | 2-min. est., Questionnaire a 
5 | 2-min. est., Gottschaldt practice 51 
 2-min. est., Difficult comparisons .50 
8  2-min. est., Listening to reading .49 
3 | 2-min. est., Easy anagram .48 
6 | 2-min. est., Gottschaldt test 41 
11 | 2-min. est., Writing 1's (2nd .40 
2 | 2-min. est., Writing 1's (1st .26 
23 | No. of questionnaire items in 2 min. — .35 
24 Easy anagram solutions — .40 
TABLE 4 
VARIABLES LOADED ON Factor III 
No. Variable Loading 


6 | 2-min. est., Gottschaldt test .63 


5 | 2-min. est., Gottschaldt practice .58 

19 | 20-min. estimate .46 
2-min. est., Difficult comparisons .38 

2 | 2-min. est., Writing 1's (1st) .38 

3 | 2-min. est., Easy anagram .34 

1 | 2-min. est., Introduction .32 

23 | No. of questionnaire items in 2 min. w 2 
25 | Gottschaldt figures solutions — .28 


“For a presentation of the results of the sepa- 
rate procedures, see Loehlin (1957, pp. 72-83) 
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ings on the 2-minute estimates, and all the 
2-minute estimates have substantial load- 
ings on one or both of these factors. The 
factors reflect the general positive intercor- 
relation of the 2-minute estimates, and ap- 
pear to have resulted from consistent indi- 
vidual differences in such estimates. 

However, before inquiring into the pos- 
sible nature of such individual differences, 
it is necessary to ask why there are two 
factors involved rather than only one. The 
answer appears to lie in the fact that esti- 
mates made close together in the course of 
the experiment tend to correlate more high- 
lv than estimates more widely separated. 
This can readily be seen in the intercorrela- 
tions of the 2-minute time estimates (Ap- 
pendix B): the correlations tend to be high- 
est next to the principal diagonal, and to 
drop off toward the upper right-hand and 
lower left-hand corners. This form of cor- 
relation matrix has been described by Gutt- 
man (1954a) under the name of “sim- 
plex.” " He notes that in a conventional 
factor analysis such a matrix tends to yield 
two factors, based on the clustering to- 
gether of the earlier and later tests (Gutt- 
man, 1954a, p. 347). This indeed appears 
to have happened in our analysis. Factor 
I reflects the general intercorrelation of all 
the estimates, with the highest loadings on 
the later estimates in the series. Factor 
III's high loadings are on the estimates in 
the early part of the experiment (including 
the estimate of the first 20 minutes). Fac- 
tors I and III have, therefore, been con- 
sidered as a single factor, one which repre- 
sents individual differences in the general 
level of estimates of the 2-minute interval. 
For convenience, it will be referred to here- 
after simply as Factor I. The factor scores 
for “Factor I” are based on this combined 
factor. 


®In the 
primarily concerned, the higher correlation between 


circumstances with which Guttman is 
adjacent variables arises in a different way. It is 
interesting to note, however, that one of the 
empirical examples he cites (Guttman, 1954a, p. 
288) appears to resemble the present case at least 


as closely as it does his theoretical model 
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It may be noted that such a factor need 
not be, and probably will not be, causally 
simple—various quite different conditions 
may jointly influence the over-all level of 
S’s estimates. General response tendencies 

to overestimate time, give extreme re- 
sponses, use round numbers, or the like— 
would be a possibility; however, these do 
not seem to be involved in a major way, 
for they ought to affect the short intervals 
as well, and overestimation of the short 
intervals does not load substantially on Fac- 
tor I. However, any idiosyncratic notions 
Ss may have as to how long a minute is 
would contribute to the intercorrelation 
among the 2-minute estimates, and hence 
to the loadings on this factor. The loading 
of the 20-minute estimate on this factor is 
consistent with this view. 

Differences in ability, or practice in judg- 
ing time intervals of this length, may also 
play a role since persons with low scores 
on this factor are closer to objective accu- 
racy than persons with high scores. The 
negative correlations of Factors I and III 
with some of the performance measures 
suggest that ability may be involved to some 
extent, but the evidence for an ability fac- 
tor is clearer in the case of Factor IV. 

Another possible source of general inter- 
correlation of estimates would be differ- 
ences between the experimental situation 
as a whole and the conditions under which 
S normally estimates time (assuming that 
these differences varied between individ- 
uals). Clues to such differences might lie 
in S’s ratings of the tasks, or in the per- 
sonality measures. 

\s for the ratings, one difference ’° 
emerged: Ss with high scores on Factor I 
tended to describe tasks loaded on the 
factor as less interesting than did Ss with 
low In other words, persons who 
these tasks tended also to 


scores. 


overestimated 


10 This difference is significant at the .05 level 
by f test; however, this and subsequent significance 
figures must be regarded with some caution, since 
a certain advantage may be taken of chance when 
a few ¢ tests are selected from a larger number 
on the basis of their significance 
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rate them as less interesting. The first 
factor appears to reflect to some extent, 
then, individual differences in the degree 
of interest or involvement in the experi- 
ment as a whole. 

\ second kind of difference which might 
contribute to a general intercorrelation of 
estimates would be an emotional reaction 
to the experimental situation as a whole, 
such as anxiety, annoyance, or apathy. In- 
sofar as such a reaction was a characteristic 
one for the individual, it might be expected 
to be also reflected in a difference in MMPI 
scores, on such scales as Pt, Pd, or D, be- 
tween individuals with high and low scores 
No significant differences of 
this nature emerged. However, the 
MMPI was filled out at a time different 
from that of the experiment proper, tran- 
sient differences in mood remain as a pos 
sible source of consistent individual differ- 
ences over the set of 2-minute estimates. 


on Factor I. 


since 


To summarize, Factor I is general to the 
2-minute estimates. It appears to reflect 
the tendency of some individuals to esti- 
mate the 2-minute intervals as consistently 
longer or shorter than others do. 
extent this may be due to individual differ- 
the the unit of estimate 
(minute). A second determinant seems to 
be the degree of interest in the tasks, with 
the subjects who find the tasks generally 


To some 


ences in use of 


boring tending to estimate them as longer. 

Factor II. (See Table 5.) This factor 
appears to be determined primarily by the 
estimates of the short intervals, but its other 


TABLE 5 


VARIABLES LOADED ON Factor II 


Variable Loading 


Estimate of 4 sec. 

Estimate of 1 sec. 

2-min. est., Concentration on time 
2-min. est., Writing 1's (1st) 
2-min. est., Writing 1's (2nd) 


No. of 1's written in 4 sec. 


loadings suggest possible further implica- 
tions. The 2-minute tasks whose estimates 
load on Factor Il were among the tasks 
most overestimated; the period of concen- 
tration on time was estimated longest of all. 

Since the short intervals were “empty” 
ones, and since the tasks of concentrating 
on the of time and writing the 
repeatedly are conspicuously 
content, Factor II 
could perhaps be described as an 


passage 
figure 
lacking in variety of 
“over- 
estimation of empty intervals” factor. How- 
ever, it is possible that attention to the pas- 
sage of time is the significant variable, and 
that the relative emptiness of the intervals 
is Important mainly because it permits this 
The primary role of the short 
intervals in determining this factor seems 
in accord with this interpretation. 


to occur 


lor a 
l-second interval, emptiness does not sug- 
gest much in the way of emotional reac- 
tions such as boredom or suspense, but what 
the subjects were presumably doing during 
the short intervals was attending very close- 
ly to the passage of time. 

The negative loading of the number of 
l’s written that persons who 
‘filled up” the empty intervals more with 
their activity showed less tendency to over- 
estimate them. The ratings of the three 2- 
minute tasks by persons with high and low 
Factor I] with 
The high scorers—persons who over- 
the intervals—rated these 
three tasks as significantly less satisfying 
than did the low scorers (p<.001). 


suggests 


scores on seem consistent 
this 


estimated short 


There were no substantial differences in 
MMPI scores between persons with high 
and low scores on Factor II, which may 
offer some additional weight to an inter- 
pretation of this factor in terms of differ- 
ences in attention to time, rather than in 
terms of emotional reactions to empty time. 

lo summarize, therefore, it appears that 
Factor II, in addition to having variance 
specific to the short estimates, reflects the 
overestimation of empty intervals—possibly 
due to a greater attention to the passage 
of time during them. 


10 
No. = 
.78 
is 70 
15 70 
sae 
.26 
|) 


TABLE 6 


VARIABLES LOADED ON Factor IV 


No. Variable Loading 
13 2-min. est., Difficult anagram 42 
11 | 2-min. est., Writing 1's (2nd) 41 

1 | 2-min. est., Introduction ae 
23 | No. of questionnaire items in 2 min. 1 
25 Gottschaldt figures solutions .28 
12 | 2-min. est., Easy comparisons 27 
26 Amount of error, counting ‘‘the’s”’ — .46 


Factor Il’. (See Table 6.) This factor 
appears to load two groups of variables: 
time estimates on repeated tasks, and scores 
reflecting good performance on tests in 
volving the ability to perceive analytically. 

The Difficult anagram, Writing 1’s (2nd), 
and Easy comparisons tasks represent tasks 
given earlier in the series and now repeated 
(with changes in difficulty level for the 
anagrams and comparisons). [’ersons who 
tended to estimate the second administra 
tion as relatively long tended also to per- 
form well on the Counting “the's” task and 
the Gottschaldt figures, as well as complet- 
ing a large number of questionnaire items 
in two minutes. 

The /ntroduction estimate seems on the 
face of it rather out of place among esti- 
mates reflecting repeated trials. This load- 
ing may, however, be an artifact—it may 
simply reflect the fact that the brighter Ss 
finished filling out the face sheet data early, 
and then had to wait for the slower ones, 
and judged the period long in consequence. 
(Barring the few Ss who completed the 
Gottschaldt figures, this was the only activ 
ity where the element of finishing earl) 
could enter: the others were all of indefi 
nite length.) 

There were no significant differences in 
the ratings which persons high and low on 
Factor IV gave to the tasks best measuring 
that factor, nor in the changes of ratings 
from the first to the second administration 
tasks. This tends 
fairly obvious hypothesis 


ot these to exclude a 
namely, that the 


brighter Ss tended to judge a repeated task 
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as long because they found it relatively less 
interesting. 

Nor were there significant MMPI differ- 
ences between Ss with high and low scores 
on Factor IV. The largest difference 
(which approaches the .05 level) is for the 
high Ss to score higher on Barron’s Ego 
Strength scale. This, if reliable, is consist- 
ent with their better performance on the 
ability measures—Barron (1953) reports a 
positive correlation of this scale with sev- 
eral measures of intelligence. 

summarize, Factor appears to re- 
fect a tendency to estimate the second of 
two periods of a repeated activity as rela- 
tively long. Positive loadings of perceptual 
ability measures, and a failure of ratings of 
the tasks to discriminate, suggest that this 
factor is of an intellectual rather than an 
attitudinal kind, but its precise nature re- 
mains uncertain 

Factor I" The highest 
loadings on this factor are on the two tasks 
in which Ss compared short time intervals, 
and the.loadings are negative, indicating 
that the persons with high scores on this 
factor tended to be those who were less 
affected by the illusions which characterize 
these tasks 


(See Table 7.) 


There is some reason to suspect that an 


activity—passivity dimension may in- 
The Ss with high scores on 
this factor tended to write a large number 
of 1’s, and to overestimate the three periods 


in which S played a predominantly passive 


volved here. 


PABLE 7 


VARIABLES LOADED ON Factor V 


No. Variable Loading 
8 2-min. est., Listening to reading .36 
22. No. of 1's written in 4 min. on 
2-min. est., Introduction 31 
27. of persons in S’s group 
19 Estimate of 20 min. 28 
10 2-min. est., Interruption 26 
_2-min. est., Easy anagram 25 
20 | Negative time error, Diff. comp. - 43 
21 Amount of illusion, Accel.-decel 


i 


role (Listening to reading, Introduction, 
and /nterruption). It seems plausible that 
Ss preferring more active modes of judg- 
ment would be less subject to perceptual 
illusions than more passive Ss. It 
obvious, however, why the estimate of 20 
minutes should be loaded on this factor, and 
the positive loading of the Easy anagram 
estimate is, if anything, rather contradic- 
tory to an active passive interpretation. 
The loading of number of persons on such 
a factor had not been anticipated, but it 
does seem conceivable that in the larger 
groups there was a sharper contrast be 
tween E's active role and the group’s pas- 
sive one 


is not 


The Ss high and low on Factor V were 
compared in terms of their ratings of the 
two tasks loading highest on this factor 
(Listening to reading, Introduction). The 
high Ss tended to judge the tasks as easier 
than the low Ss did (p<.05) and showed 
some tendency to rate the time as seeming 
to go more rapidly (p<.10). 

Che passive tasks are not overestimated, 
then, because they seem to be going more 
slowly for the active subjects. Possibly it 
is the difference from their usual attitude 
that is important: the change in level of 
involvement is greater for them when shift 
ing from active to passive tasks than it is 
for the more generally passive subjects. 

(On an active-passive dimension, one 
would expect to find MMPI differences be- 
tween high and low Ss. One would expect 
the passive Ss to be higher on the Pt, //y, 
and 1) scales, and the active Ss higher on 
Pd and \fa. One might also expect to find 
the active Ss higher on Ego strength. The 
ditferences on Pt, Hy, D, and Ma are in 
the with the two 
near the .05 and .10 levels, respectively. 


proper directions, first 
‘he Pd and Es differences, although not 
large, are in the wrong direction for the 
hypothesis—the lows have slightly higher 
mean scores on these scales. 

In general, then, although there is scat 
tered that Factor V reflects an 


active-passive dimension, its interpretation 


eV idence 


in these terms must remain tentative. 
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TABLE 8 


VARIABLES LOADED ON Factor VI 


No. Variable Loading 
24 Easy anagram solutions Je 
7 | 2-min. est., Slow calculation .30 
23 No. of questionnaire items in 2 min. 29 
22 | No. of 1's written in 4 min. .28 
19 | Estimate of 20 min — .30 
28 | Age —.44 


Factor IJ. Table 8.) It was sus- 
pected that this factor reflected sex differ- 
ences, since age and sex were known to be 
correlated in the sample (the males tended 
to be older, largely as a result of sex differ- 
enrollment in the from 
which the Ss were drawn. See Table 1.) 
lhe loadings on Factor VI were therefore 
compared with the correlations '' between 
sex and each of the variables in the study. 
The r»» between age and (female) sex was 

41, compared to the loading of —.44 of 
age on Factor VI. The other r’s tended to 
be low, but for each of the nine variables 
where either the factor loading or the rp, 
was as high as .20, both the loading and the 
r were in the same direction. It seems rea- 
sonable to conclude, therefore, that sex dif- 
ferences were mainly responsible for the 
emergence of this factor. The factor does 
not seem to be of particular interest from 
the standpoint of time perception except in 
for only two time estimates 
and neither is high. The 
positive loading of the scores on the two 
verbal tasks is consistent with the common 
finding of a female superiority in 


( 5ee 


ences in classes 


a negative sense, 


are loaded on it, 


slight 
verbal ability. 
Factor 


five 


(See Table 9.) Three of the 
this factor involve the 
anagram tasks, and the factor may largely 
represent something fairly specific to those 


loadings on 


procedures. It does not seem advisable to 
attempt to give it any more general inter- 
pretation. It is of passing interest to note 


that both scores and estimates are loaded 
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TABLE 9 


VARIABLES LOADED ON Facror VII 


Variable 


Loading 


Easy anagram solutions 43 
2-min. est., Hard anagram .26 
2-min. est., Writing 1’s (1st) .26 
2-min. est., Easy anagram “a0 


2-min. est., Counting ‘‘the’s’’ — .39 


in the same direction, i.c., Ss who got 
higher scores also estimated the period as 
longer. It does not appear that this is in 
general true—the opposite effect occurred 
with the Gottschaldt figures; cf. Factor II] 
(Table 4). 

Factor V1ll. (See Table 10.) This fac- 
tor has loadings on a number of the 2- 
minute estimates, but its interpretation 
seems obscure. 


The tasks have little obvi- 
ously in common either in their structure 
or in terms of Ss’ ratings of them. A fac- 
tor score was computed, but high- and low- 
scoring Ss did not differ significantly in 


terms of either task ratings or MMPI 
scores. The two highest loadings on Fac- 
tor VIII are on estimates during the com- 
parisons tasks, and variance specific to 
these tasks may have been instrumental in 
the emergence of this as a separate factor, 
but beyond that it will be left uninterpreted. 

General comments. This interpretation 
of the eight rotated factors has left four 
which seem to be of particular relevance to 


TABLE 10 


VARIABLES LOADED. ON Factor VIII 


Variable Loading 


2-min. est., Easy comparisons 
2-min. est., Difficult comparisons 
2-min. est., Writing 1’s (2nd) 
2-min. est., Counting “‘the's”’ 
Estimate of 20 min. 

| 2-min. est., Slow calculation 
2-min. est., Listening to reading 
2-min. est., Questionnaire 


time perception. One of the remaining fac- 
tors was interpreted as an artifact due to 
constant presentation order, one as due to 
sex differences, one as mainly specific to the 
anagram tasks, and the fourth was not 
interpreted, although it appeared to load 
some variance specific to estimates of the 
psychophysical tasks. 

One question should be raised concern- 
ing the four time perception factors. Three 
of them—Factors I, Il, and V—appear to 
load variance specific to the long estimates, 
short estimates, and comparison tasks, re- 
spectively, However (except possibly for 
the first of these) each appears to reflect 
important common variance as well, and it 
is this which has mainly been taken into 
account in arriving at the interpretations 
given, 

The important presence of specific vari- 
ance is in some respects awkward theore- 
tically. It need not challenge the meaning- 
fulness—-or the usefulness—of the present 
factors, but it does suggest the possibility 
of alternative solutions. One cannot be con- 
fident that exactly the same set of factors 
would have emerged from a factor anal- 
ysis of the 2-minute estimates if an entirely 
different group of additional variables had 
been used. 


The Questionnaire 


The questionnaire items which correlated 
with each of the four time-perception fac- 
tors at a significance level of .05 or better 
are listed below.’* The items for each fac- 
tor are listed approximately in decreasing 
order of significance. 

Factor I. Persons scoring higher on this 
factor—those who in general overestimated 
the 2-minute intervals—agreed more often 
with the following items: 


| have a one-track mind 

I seem to be pressed for time more than most 
people 

I have a poor 
my life 


memory for the past events in 


'2 For an item with true and false responses 
equally divided, the biserial r which is just sig- 
nificant at the .05 level is .24. With more extreme 


divisions of responses it 1s higher 


No. 
24 
13 
2 
3 
No. 
12 44 
4 
11 
14 30 : 
19 .30 
7 .29 
8 .26 
; 16 


| often find it hard to ‘get going’ on some- 
thing 

Often, although the days go slowly, the weeks 
and months seem to fly by 

| haven't enough time to 
things I most want to do 

The future is too uncertain for a person to 
plan very far ahead 

Sometimes I feel like I’m in a trance 

| have a hard time remembering the dates 
things happened. 


accomplish the 


There were no items with which persons 
low on this factor agreed significantly more 
often, 

The items which correlate with Factor | 
seem to relate to deficiencies in time per- 
spective—to a failure to integrate the pres- 
ent with the past and future in the effective 
planning and carrying out of activities. The 
relationship is on the face of it a simple 
one: If the past and the future lack reality, 
the present activity looms larger. 

A somewhat similar relationship has been 
reported in a factor-analytic study by Cat- 
tell and Gruen (1955), in which a number 
of time estimates were included in a bat- 
tery of tests given to 11-year-old children. 
One of the resulting factors, which had 
its highest loadings on several time esti- 
mates, also loaded a measure of “unattain- 
ability of distant goals.” (Other loadings 
on the factor were: poor arithmetic, errors 
in a complex reaction time experiment, and 
female sex.) 

Factor [1]. Persons scoring higher on this 
factor—those who overestimated short in- 
tervals and monotonous tasks-—agreed more 
often with the following items : 


\ period of a few minutes often seems like 
hours to me 

I am often in a hurry 

| have a hard time remembering the dates 
things happened 

1 daydream a good deal 

| have many childhood events 
that seem like they might have taken place only 
vesterday 

When I wake up in the morning, it usually 
seems like I just went to sleep a 
he fore 


memories of 


few minutes 
Persons scoring lower, agreed more often 
with: 


My childhood days seem very unreal to me 
My father is a rather dominant person 
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| sometimes think we would have been better 
off if clocks had never been invented 


| usually have a 


time it 1s. 


pretty accurate idea what 


The contrast here appears to be one be- 
tween persons with an underdeveloped and 
an overdeveloped sense of the conventional 
scale of time. The high-scoring Ss seem 
to view time in a much more flexible way: 
Minutes often “seem like hours”; child- 
hood events seem like “only yesterday” ; 
when they awake it seems like they have 
been asleep “only a few minutes.” The low- 
scoring Ss, on the other hand, say they 
usually have an accurate idea of time, but 


the psychological distance of childhood, 
the dominant father, and the resentment 
of clocks suggest oversocialization—that 


this was achieved at some cost. 


It would seem indeed to follow that for 
the high-scoring Ss there would be a great 
difference in the apparent length of time de- 
pending on whether or not its passage were 
being attended to, and for the low-scoring 


Ss this effect would be minimal. However, 


the results are also consistent with other 
interpretations—one might expect many in- 
fluences to have a greater effect on the 


high-scoring Ss’ perception of time. 
Factor Il’. Only one item was signifi- 
cantly related to this factor. Persons with 
higher the factor—those who 
repeated tasks—tended to 
agree more often with the statement: I am 
easily bored. The implication of this is far 
from clear. They did not actually rate the 
tasks loading on this factor as more boring 
than the low-scoring Ss did, nor did they 
differ in the change in their boredom rat- 
ings from an original to a repeated activity. 


scores on 


overestimated 


Perhaps the most relevant fact after all 
is that only the one item emerged from this 
analysis. This would appear to add weight 
to the view that Factor TV is largely inde 
pendent of attitudinal and motivational fac- 
tors, which are relatively well represented 
in the questionnaire, and is fairly specifi- 
cally linked with the cognitive variables re- 
ected in the performance scores. 

Factor V 


factor 


Persons scoring higher on this 
those who were less subject to time 


14 


illusions—agreed more often with the fol- 


lowing items: 
I have a pretty definite 
doing next summer 
usually have a pretty 
time it Is 
I'm pretty good at saving time 
| have great faith in the future 


idea what I will be 


accurate idea what 


Persons scoring lower, agreed more often 
with these items: 


| become 


impatient if | have to wait five 


minutes for someone 
I have a hard time getting things done with- 
out deadlines 


The high items appear to reflect a feeling 
of confident control of time. The low end 
of the dimension is less positively defined, 
but both items suggest an individual at the 
merey of external events. 

This appears reasonably consistent with 
the active-passive interpretation suggested 
earlier for this factor. 


DIscUSSION AND CONCLUSIONS 

The major purpose of the investigation 
Was to examine the nature of the influences 
that various activities have on the apparent 
length of time during them. A factor- 
analytic design was employed with the aim 
of identifying the main ways in which dif 
ferent activities influence the perception of 
moderate intervals of time. 


The 2-Minute Intervals 


What, then, proved to be the major vari 
ables related to the perception of moderate 
intervals of time in this investigation ? 

The first such variable seems to have 
been the interest or boredom which the tasks 
aroused in Ss. This variable appears as a 
partial determinant of general under- or 
overestimation of time, as reflected in Fac- 
tor I. Persons who found the tasks in gen 
eral to be less interesting tended also to 
perceive them as longer. 

The second variable is related to the 
overestimation of intervals lacking in vari 
ety of content. It appears that this might 
be due to greater attention given to the 
passage of time during such periods. The 
persons who overestimated these periods 
most showed evidence on the questionnaire 
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that their perception of time in everyday 
situations is relatively fluid. The persons 
who overestimated these periods least in- 
dicated a better regulated sense of time in 
other situations. This regulation may in 
part be mediated by compensatory activity 
in boring situations—the latter Ss wrote 
more l’s, and found the monotonous tasks 
relatively satisfying. 

A third variable the over- or 
underestimation of repeated activities. This 
was related to measures of perceptual abil- 
ity: The more able Ss tended to estimate 
repeated tasks as relatively longer, the less 
able Ss as re latively shorter. This was not 
accompanied by any differences in the rat- 
ings of the repeated tasks—-for example, it 
did not appear that the more able Ss found 
the repetition more boring, although they 
said they became easily bored. 


concerns 


\ fourth variable is S's activity or pas- 
sivity during a task. Factor V seems to re- 
Hect this to some extent. The three periods 
in which S predominantly watched or lis- 
tened to &, as opposed to working at some 
task, were all loaded on this factor. The 
Ss who most overestimated the passive pe- 
riods tended to rate them as relatively 
easier. It was suggested that for the more 
active persons, the passive periods differed 
more sharply from the active ones. Scores 
on the time illusions, performance scores, 
and scores on the MMPI appeared con- 
sistent with the interpretation of Factor V 
as reflecting an active-passive dimension, 
although the evidence was not entirely clear- 
cut. The questionnaire results seemed also 
to support this interpretation. 

A fifth time perspective—ap- 
peared in the questionnaire items related to 
actor |. Individuals for whom past and 
future were subjectively real, over- 
estimated the time occupied by present ac- 
tivity. Since this is not an effect of the 
activity as such, but rather relates to indi- 
vidual differences in the frame of reference 


variable 


less 


of time judgments, it is of secondary inter- 
the present which will 
continue mainly in terms of the first four 
variables 


est to discussion, 


\VWe may consider these four variables as 


constituting four sources of overestimation 
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of time: time may seem long during an 
interval because the activity is boring, be- 
cause attention is being paid to the pas- 
sage of time, because the activity is un- 
familiar, or because S is relatively passive. 
Obviously many situations in which time 
is overestimated will involve more than 
one of these variables. For example, wait- 
ing for someone who is late for an appoint- 
ment might involve most or all of thes 
factors. 

Are these variables adequate to account 
for the results of the experiments reported 
in the literature on moderate ** time inter- 


'S The writer classifies as short those intervals 
falling within the “conscious present” (up to six 
seconds or so), and as moderate, those from this 
length up to about 10 minutes. 


TABLE 11 


SuMMARY OF EARLY EXPERIMENTS ON THE ESTIMATION OF MODERATE TIME INTERVALS 


vals, or need additional factors be con- 


sidered ? 
The experimental results prior to 1930, 
which are summarized in Table 11, can 


fairly easily be handled in these terms. The 


active-passive distinction appears most 
marked, but many of the differences pre- 
sumably would involve an_ interesting— 


attention-to-time dimension 
(ne or both of the latter dimen- 
sions is required to handle Axel’s (1924) 
results: overestimation of active tasks of a 
repetitious sort (tapping and writing i’s). 


boring, or an 


is well, 


lhe case of pain presents an interesting 
paradox. Enduring pain is something that 
is ordinarily thought of as making time 
seem long. And yet in experiments, peri- 
ods of pain have either been rather slightly 


Experimenter 
Mac Dougall 
(1904) 


listening to reading 
waiting in idleness 


Yerkes & Urban 


idleness 
(1906) listening to reading 
estimating time 
Spencer listening to prose 
(1921) listening to poetry 
reading prose aloud 
reading poetry aloud 
Sturt looking out window 
(1923) reading aloud 
Axel estimating time 
(1924) tapping 


writing 1's 


Swift & McGeoch idleness 

(1925) listening to reading 
Gulliksen resting 

(1927) experiencing fatigue 


hearing slow metronome 


Estimated as Relatively Long 


Estimated as Relatively Short 


marking m’s 
estimating time 


writing from dictation 


writing from dictation 


listening to clock 
pain 


cancellation 
analogies 

number series 
adding 7's 

copying ns. syllables 
copying fiction 
copying catalog 


mirror reading 
writing from dictation 
long division 


hearing fast metronome 


pain 
Whitely & Anderson 
(1930) 


empty interval 
listening to buzzer 


listening to music 


= 


overestimated (Gulliksen, 1927) or actu- 
ally underestimated (Sturt, 1923). The 
critical difference would seem to be that in 
these experiments the Ss were deliberately 
inflicting temporary pain on themselves, 
thus transforming the pain from a dull, 
passive experience to an active, challenging 
one. 

The only cases in Table 11 which seem 
to present a serious problem to the pres- 
ent set of variables are the two instances 
where reading aloud by S was overesti- 
mated. This seems, at least superficially, to 
be an activity which is interesting rather 
than boring, active rather than passive, and 
filled rather than empty. Some novelty 
may be involved, but it is not obvious that 
this would be sufficient to outweigh the 
other factors. Two hypotheses suggest 
themselves. One is that reading really does 
involve a strong passive element—after all, 
it is always the author who decides what 
is coming next. The other is that in literary 
narrative the time scale is usually 
densed 
riod of 


con- 
events which occupy a given pe 
time are reported in a_ shorter 
period of reading time. If S's estimates 
are influenced by the time scale of what 
he is reading, the result will tend to be 
“overestimation” of the objective interval. 
In the more recent literature on the esti- 
mation of moderate time the 
present set of factors seems capable of 
dealing with many of the findings, 
there are some new issues raised, 


intervals,’** 
but 
ur factor relative to repeated tasks ap 


represent the similar effect  re- 
ported by Harton (1938, 1939a), Eson and 


pears to 


Kafka (1952), and Falk and _ Bindra 
(1954). interesting—boring dimension 
readily subsumes Harton’s (1938) effect 


of difficulty, if his difficult tasks are as- 
sumed to have been more interesting to 
his Ss 

Experiments concerning stress and anx- 
iety present more of a problem (Falk & 


Bindra, 1954; Harton, 1939a; Henrikson, 
14 For a more complete review, see Loehlin 
11-21) 
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1948; Simmel ;** Smith, Wing, & Jerison, 
1955). Although our experimental situa- 
tion was not conducive to extreme degrees 
of stress, the intended to 
vary along this dimension. Some of the 
tasks were given as “tests” involving time 
pressure; others were neutral in this re- 
gard; some of the activities were designed 
to be pleasant and relaxing. Surely the 
subjects were differentially prone to anx- 
iety under pressure,’® but no stress factor 
emerged from their estimates. 


activities were 


In the experiments reported in the litera- 
ture in which time was judged longer under 
stress, the effect appears in connection with 
repeated trials, and it is possible that it was 
indirect. In Falk and Bindra’s (1954) ex- 
periment, for example, the occasional shock 
may have acted mainly by counteracting 
the effects (of habituation, or whatever) 
which led to increasing underestimation 
over their series of trials. Correspondingly, 
in Simmel’s experiment '’ most of the ob- 
tained difference was due to the failure of 
his experimental group to show a decline 
in its estimates during a second period, one 
in which ego-involving 
given. 


instructions were 
The experiment of Smith et al. 
(1955) involved a long series of trials, and 
the stress imposed by a higher noise level 
may have worked in a fashion similar to 
l‘alk and Bindra’s shock. Harton’s (1939a) 
results were also obtained over repeated 
trials. In the one experiment in which re- 
peated trials were not involved ( Henrik- 
son, 1948), the results were actually in the 
opposite direction (time was underestimated 
during public speaking ). 

There are numerous instances in every- 
day experience where time seems long un- 
der stress. Such instances may conceivably 
be explained in similar fashion; i.e., the 
slow passage of time in stressful situations 


‘SE. C. Simmel. The effect of stress-producing 
instructions on time perception in a group test 
situation. Personal communication, 1956 


16 The o of MMPI Pt in our sample was 15.4. 
Goodstein (1954) median Pt 10.3 
in eight studies of college males 


reports a a of 


17 See Footnote 15 
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may result from a failure of habituated 
modes of response in such situations. How- 
ever, others of the factors may be involved 
as well. Boredom hardly seems a likely 
candidate, but an inhibition of activity by 
anxiety would seem to be a possibility, or 
an acute attention to the passage of time 
in the anticipation of threatening events. 
At any rate, the influence of stress on time 
perception stands as a matter in need of 
closer experimental analysis. 

Another phenomenon which has been de- 
scribed in the literature is the increasing 
underestimation of time as a goal is ap- 
proached (Hindle, 1951). The present in- 
vestigation was not well suited to detecting 
this since, for other reasons, it was desira- 
ble to make most of the tasks of indefinite 
length, i.c., comparable to Hindle’s “no 
goal” condition. Consequently no safe con- 
clusion can be drawn as to whether or not 
such a phenomenon could be accounted for 
by the present factors. Certainly one would 
suppose that the interest of a task and the 
level of activity might rise as a goal was 
neared, but so might attention to time. One 
would also need to take into account the 
influence of a goal on the time perspectives 
involved, 

The results of the present investigation 
bear on another topic which has been the 
subject of some discussion in the literature 

that of sex differences in the estimation 
of time. Several of the earlier studies 
( Axel, 1924; Gulliksen, 1927; MacDougall, 
1904; Yerkes & Urban, 1906) reported a 
greater overestimation of time by women 
than by men. In more recent work, this 
difference has not, as a rule, been found 
(Gilliland & Humphreys, 1943; Harton, 
1939b ; Swift & McGeoch, 1925). The pres- 
ent study disclosed a factor of sex differ- 
ences (Factor VI), but its loadings were 
mostly on performance scores, rather than 
time estimates. On the other factors, male 
and female Ss were about equally distrib 
uted between highs and lows, as Table 12 


shows. Thus the present investigation 
tends to agree with the other more recent 
studies which have failed to find the sex 


differences in time estimation reported in 


the earlier experiments. It has been sug- 


rABLE 12 


Sex or Ss With HicH anp Low Factor Scores 


Factor 
Group —--- 
I II IV \ 
High scorers 
Men 6 6 9 6 
Women 22 22 19 22 
Low scorers 
Men § 9 6 9 
Women 23 19 22 19 


gested that changes in the role of women 
in the American culture have been respon- 
sible for the disappearance of this differ- 
ence (Gilliland, Hofeld, & Eckstrand, 
1946 ) 

It is possible that the sex difference re- 
ported in the early studies may still be 
found among children. In the Cattell and 
(1955) factorial study of 11-year- 
earlier, female sex was 
same factor as high time 

However, Gilliland and Hum- 
(1943) failed to find significant 
sex differences in time estimation among 
48 fifth-grade children, so the issue remains 
doubtful. 


(gruen 
olds mentioned 
loaded the 
estimates 
phreys 


Short Interval Estimates and Other 
Time Judaqments 


Let us the second main 
question to which the present investigation 
was directed: To what extent do the ob- 
tained factors apply to estimates of shorter 
and longer intervals, and other time judg- 
ment phenomena 


turn now to 


Perhaps the most striking feature of the 
results in this re spect is the absence of a 
general estimation factor. Although 
the first factor loaded all the 2-minute esti- 
mates and the 20-minute estimate, the short 
interval estimates came out on a separate 


factor 


time 


People who overestimate minutes 


blique factor solution would 


probably 


hown a slight degree of relationship between 
factor scores correlated .14 


Cheir 


two tor 


| | 
4 
hay 


do not necessarily overestimate seconds. 
The subjective scale of time is apparently 
not a highly integrated dimension for most 
of our Ss. 

Note that this does not imply that moder- 
ate and short intervals nothing in 
common. Several 2-minute estimates do 
load on Factor II, and meaningfully so. 
But the influences which set the general 
level of an individual's estimates in the 
2-minute periods do not appear to have 
acted in the same way on his estimates of 
the shorter intervals. 


have 


In some respects, of 
course, this is not surprising. The degree 
of general interest or boredom contributed 
to Factor 1, but it seems reasonable to sup- 
pose that variations in boredom will not be 
great for periods as short as one and four 
seconds. 

Are there any data in the literature which 
bear on this relative independence of mod- 
erate and short interval estimates ? 

A general tendency toward positive inter- 
correlation of estimates of moderate inter- 
vals ('4 minute to 3 minutes) is present 
in Adler's (1954) data. Clausen (1950) 
has reported high intercorrelations of esti- 
mates of intervals from 3 15 
seconds. (His subjects were schizophren- 
however, and some caution must be 
exercised in generalizing to other samples. 
Kecentricities of judgment —e.g., a subject 
who consistently estimates a period of sec- 
onds as several hours—could intlate correla- 
tions considerably in such a group.) Eson 
and Kafka (1952) report some correlations 
between a 15-second and a 2-minute inter- 
val. These r’s ranged from 69 to .73 un- 
der four conditions. This is the only case 
known to the writer in which correlations 
between estimates of intervals this far 
apart are reported—although 15 seconds is 
really not in the short interval class. These 
r’s are for estimates made under the same 
conditions for the 15-second and the 2- 
minute intervals: the case is perhaps more 
closely analogous to the relationship of 
short and moderate estimates on our Fac- 
tor IT than to the relationship between our 
Factors I and IT. 

Until more complete evidence is forth- 
coming, then, our tentative conclusion will 


sect mds to 


ics, 
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be 


that the estimation of moderate and 
short intervals of time proceeds in substan- 
tially different ways, but that at least some 
content conditions affect both similarly. 
The comparison and estimation of short 
intervals also came out on separate factors. 
This result is in line with earlier findings: 
Clausen (1950) found the reproduction 
method (which involves comparison) to 
give rather low correlations with results 
two methods involving estimation. 
\lthough a negative time error in compar- 
ing time intervals has traditionally been 
called an “overestimation” of time, it would 
appear that it is at least a different kind 
of overestimation than that 
with absolute estimates. 
The fact that both of 
procedures would have essentially 


from 


which occurs 
the comparison 
all of 
their common variance on a single factor 
Was somewhat unexpected. Although the 
general form of the stimulus presentation 
and judgment was the same in both cases, 
response tendencies such as responding at 
random, alternation of responses, or pref- 
for the other of the two 
judgments, would have had quite different 
effects on the scores on the two variables. 
Both of the tasks, however, involved “illu- 
sions’’—-the apparent lengthening of the sec- 
ond interval and of the decelerating sound 
pattern. Hence, some aspect of S’s attitude 
which would make him more or less sub- 


erence one or 


ject to such illusions seems a likely explana- 
tion for the similar relationships of these 
two measures to the other variables. In the 
light of the rest of the loadings on Fac- 
tor V, 
aspect might be a relatively active or pas- 
sive perceptual attitude. 

Some evidence in support of such a view 
is offered in the work of Holzman (1954) 
and of Holzman and Klein (1950, 1954). 
Their “levelers” displayed larger time er- 
rors in visual brightness, lifted weights, 
and auditory loudness than their “sharp- 
eners”’ 


it was suggested that this common 


did, and also displayed generally 
passive personality characteristics. .Wood- 
row (1935), on the basis of his work with 
practice effects, has argued that time errors 
in time judgment are closely related to 
those in other modalities. 


| 
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Conclusion: Method and Results 


In evaluating the results of this investi- 
gation, which represents a somewhat novel 
approach to an old problem, some comment 
is necessary concerning several limitations 
of our study, some of which are specific to 
it, some inherent in this use of the factor- 
analytic method, and some, general meth- 
odological limitations common to most 
psychological research today. 

1. Neither the situations nor the persons 
represent truly random samples from clear- 
ly defined populations, making generaliza- 
tions to some extent hazardous. These dif- 
ficulties exist, of course, in most psychologi- 

(Brunswik, 1949). Factor 
the extent that it usually em- 
ploys a greater variety of situational vari- 
ables than most techniques, is perhaps less 
subject to this stricture than they. As for 
the present study, it at least used an array 
of situations considerably larger than that 
of any previous investigation in this area 
known to the writer. 


2. Correlations depend on _ individual 


differences. As mentioned earlier, a situa- 
tional variable which tends to be uniform 
in its effects may have a relatively slight 
influence on the correlations while having 
an important effect on the estimates them- 
selves. Something of the kind may have 
happened in the present study, with the 
variable “interest vs. boredom,” which was 
markedly related to differences between 
mean estimates,’® but did not appear to 
carry as much weight in determining the 
factors as might have been expected. 

3. As discussed in an earlier section, 
various sources of common variance some- 
what irrelevant to the main purposes of this 
study played a significant role in the factor 
resolution. While this must be regarded 
as a methodological fault, it does not seem 
to have prevented the obtaining of meaning- 
ful factors. 


cal research 
analysis, to 


'’ The Spearman rank-order correlation between 
mean rating of “boring” and mean time estimate, 
over the sixteen 2-minute activities, was +.61. An 
analysis of the relationships between estimates and 
ratings may be found in Loehlin (1957, pp. 73-78). 


4+. The interpretation of factors has at 
best its subjective and intuitive aspects—as 
does the interpretation of the results of 
most experiments, if more than trivial con- 
clusions are drawn. In the present investi- 
gation, provision was made for obtaining 
additional evidence—Ss’ ratings of the tasks 
and MMPI scores—to reduce the risks in- 
herent in this procedure. Also, the rela- 
tionships of the factors to the items from 
the time questionnaire provided additional 
information concerning the adequacy of 
these interpretations. 

On the credit side it appears that, despite 
the above limitations, the investigation 
proved fairly successful. Variables were 
isolated which seemed to relate meaning- 
fully both to the results of earlier investi- 
gations and to our Ss’ statements about 
their behavior and perception relevant to 
time in everyday situations. Some light 
was shed on methodological questions: the 
results vielded some information concern- 
ing the extent to which, and the conditions 
under which, results obtained with different 
methods of measurement, or involving dif- 
ferent time intervals, can be expected to 
reflect the same underlying variables. Final- 
ly, at scattered information was ob- 
tained relevant to the integration of time 
perception into the larger system of per- 
sonality. 


least 


For the reasons discussed, it cannot be 
claimed that the set of variables isolated 
in this study represents a definitive de- 
scription of the variables affecting time 
perception, yet the present study appears 
to represent a step in that direction, and 
one taken from a broader empirical base 
than experimental investigations in this 
area have used in the past. 


SUMMARY 


l’revious investigators have shown that 
estimates of time Guring periods occupied 
with different activities will be influenced 
by the content of the intervals, but little 
agreement exists as to the important vari- 
ables involved 

This investigation sought to isolate such 
variables by a factor analysis of time esti- 
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mates made under a number of conditions 
selected to be representative of those used 
‘by earlier writers. 

(me hundred and five college students 
made estimates of the apparent duration 
of sixteen 2-minute activities. In addition, 
they (a) rated each activity on several 
dimensions, (b) made estimates of shorter 
and longer intervals, (c) made judgments 
of short time intervals by comparison meth- 
ods, and (d) completed a questionnaire 
concerning their perception of and attitudes 
toward time in everyday situations. Seventy- 
four of them also completed the MMPI. 

The 16 time estimates plus 12 additional 
measures were intercorrelated and factored 
by the principal axes method. Seven of 


eight rotated factors were interpreted. The 


main variables contributing to the apparent 
length of the time intervals appeared to be: 


interest vs. boredom 

filled vs. empty intervals (attention to 
time ?) 

repetition of an activity 

activity vs. passivity 


l, 


.\ factor of stress or anxiety was sug- 
vested by previous work, but not found. 
\ factor of sex differences was obtained, 
but little of its variance was on time esti- 
mates. 

Evidence from the ratings of the activi- 
ties and the MMPI scores was used in 
interpreting the factors; evidence from the 
time perception questionnaire in general 
supported and supplemented the interpreta- 


trons. 


J. 


JOHN C. LOEHLIN 
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APPENDIX A 


MEANS AND STANDARD DEVIATIONS OF THE VARIABLES 
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. est., Introduction Secs /10 15. 
. est., Writing 1's (1st) Secs /10 19. 
. est., Easy anagram Secs/10 16. 
est., Difficult comparisons Secs /10 17 
2-min. est., Gottschaldt practice Secs /10 16. 
2-min. est., Gottschaldt test Secs /10 
2-min. est., Slow calculation Secs/10 
2-min. est., Listening to reading Secs /10 
2-min. est., Pleasant thoughts Secs/10 
2-min. est., Interruption Secs/10 
| 2-min. est., Writing 1's (2nd) Secs /10 
2-min. est., Easy comparisons Secs/10 
2-min. est., Hard anagram Secs/10 
2-min. est., Counting ‘‘the’s”’ Secs /10 
2-min. est., Concentration on time Secs/10 
2-min. est., Questionnaire Secs/10 
Estimate of 1 sec. Sec. X 10 
Estimate of 4 sec. Sec. X 10 
Estimate of 20 min. Min. 
| Neg. time error, Diff. comp. Responses ‘2 
Illusion, Accel.-decel. Trials Dec. > Acc. 
1’s written in 4 min. No./10 
Questionnaire items in 2 min. 
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APPENDIX C 
UNROTATED FACTOR LOADINGS 
Variable | j Vill 


16 


23 
23 
21 
12 
25 
02 
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APPENDIX D 


ROTATING MATRIX 


Factor 


“OMe wre 
| 

om 


~ 


Ow 


IX 


—03 
—31 

17 
—O&8 


26 
xX XI XI 
1 35 —25 20 14 13 —0O4 29 [| 15 03 04 
2 43 —05 40 01 01 -02 -2%4 -0Ol —01 24 —10 
3 60 -17 21 02 10 —20 18 -00 —14 
4 67 —-11 04 -17 —20 17 -06 —10 —12 02 00 
5 63 —07 -06 22 04 -05 —-18 18 
6 59 —38 «6 -@ 26 —02 04 -12 
7 60 -—-10 -27 -08 22 -—-04 -08 -22 -08 -21 —02 
8 53 06 29 -—24 04 -14 01 
9 59 12 —24 08 -12 18 06 —18 05 —14 
10 54 -06 —19 20 21 03 02 12 07 09 15 04 
11 59 09 12 22 -24 —22 10 —19 01 04 17 14 5 
12 69 07 —17 02 -19 16 —24 16 —00 04 —08 
13 66 —27 27 -15 —27 ~16 04 03 04 —02 15 
14 69 07 -—-26 —10 04 20 29-05 04 03 —04 11 
15 57 39 -04 -02 —-10 18 01 31 01 —16 11 —0O1 
: 16 so —02 -09 -—11 —02 2 -03 —06 02 20 0s —21 
17 16 48 42 23 04 09 05 —10 14 0s —18 03 : 
18 26 49 44 144-02 -O01 -02 -06 -10 
19 27 —28 40 —25 12 —O08 26 00 11 07 
20 —02 31 -16 -18 —20 -18 -04 -00 —18 i8 —08 02 
21 —05 233 -16 -26 -—07 08 05 08 07 12 —21 
22 06 —39 —22 18 12 146 —02 23 -03 —05 05 
233. -13 18 3 14 10 02 18 -15 —16 
24 —31 —44 —O01 26 — 55 04 —06 —O8 —05 03 00 
25 | 03 08 —24 29 1i8 —13 12 -32 —02 04 
26 —08 20 04 «=—33 04 11 —02 05 34 06 14 
27 0S —17 03 23 —06 —04 00 14 —08 
28 07 -01 -04 —13 —42 —11 —04 -07 -22 —22 
a 1 2 3 4 5 6 7 8 
—10 —18 13 
20 —04 —01 
A —01 08 34 
—45 43 09 
28 —04 —12 
75 —10 21 
—84 —21 
| 25 —O8 03 11 16 22 —88 | 
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Rotatep Factor LOADINGS 


Variable 


1 
2 
3 
5 
6 
8 
9 


I Il Ill IV VI VII VII 
16 02 32 33 31 —03 —20 —02 i x 
26 27 38 —02 21 —07 26 07 : 
48 6 34 13 25 —16 25 07 ; 
50 03 38 —04 03 19 04 35 fs 
51 05 58 00 —01 —12 02 —01 : 
41 —12 63 13 18 07 07 —02 g 
56 —12 11 —01 04 30 —03 29 é 
; 49 07 —07 —05 36 02 00 26 
70 02 —04 13 07 =e 00 —13 
10 55 —01 —01 22 26 12 —08 —04 Be 
: 11 40 26 18 41 —08 —06 10 34 = 
12 59 04 08 27 14 01 00 44 
13 67 —04 02 42 —06 09 26 06 f Ek 
14 64 —02 07 07 06 16 —39 30 ‘ 
15 58 36 15 —02 a 21 ~21 —10 
16 52 03 17 —09 11 22 —08 25 
17 05 70 —02 —02 05 —09 02 07 
18 11 78 04 os 05 02 00 04 
19 01 —06 46 02 28 30 -15 30 
20 11 03 —10 —O08 —43 —12 00 00 
21 05 —03 —07 —03 43 02 -11 02 
22 08 —29 —09 03 32 28 22 —02 
23 —35 —05 27 31 07 29 —02 04 
24 —40 0s 18 33 43 04 
25 14 —02 —28 28 06 o1 li —19 3 
26 02 06 00 —46 -11 —07 06 —03 
27 02 —09 02 —07 29 —01 06 04 
28 | 14 —16 —04 ox 00 —44 04 02 
: 


